Objectives: Specific changes in the functional connectivity of brain networks occur in patients with epilepsy. Yet whether such changes reflect a stable disease effect or one that is a function of active seizure burden remains unclear. Here, we longitudinally assessed the connectivity of canonical cognitive functional networks in patients with intractable temporal lobe epilepsy (TLE), both before and after patients underwent epilepsy surgery and achieved seizure freedom. Methods: Seventeen patients with intractable TLE who underwent epilepsy surgery with Engel class I outcome and 17 matched healthy controls took part in the study. The functional connectivity of a set of cognitive functional networks derived from typical cognitive tasks was assessed in patients, preoperatively and postoperatively, as well as in controls, using stringent methods of artifact reduction. Results: Preoperatively, functional networks in TLE patients differed significantly from healthy controls, with differences that largely, but not exclusively, involved the default mode and temporal/auditory subnetworks. However, undergoing epilepsy surgery and achieving seizure freedom did not lead to significant changes in network connectivity, with postoperative functional network abnormalities closely mirroring the preoperative state. Significance: This result argues for a stable chronic effect of the disease on brain connectivity, with changes that are largely "burned in" by the time a patient with intractable TLE undergoes epilepsy surgery, which typically occurs years after the initial diagnosis. The result has potential implications for the treatment of intractable epilepsy, suggesting that delaying surgical intervention that may achieve seizure freedom may lead to functional network changes that are no longer reversible by the time of epilepsy surgery.
Epilepsy has been associated with specific changes in the resting-state connectivity of human brain functional networks, 1 primarily but not exclusively involving the default mode network. 2 It is unclear whether these changes reflect a chronic effect of the disease on brain connectivity or whether they are an index of acute seizure burden. 3, 4 Epilepsy surgery is a potential therapeutic option for patients with medically intractable epilepsy that in many patients can drastically reduce seizure burden. 5, 6 In addition, although several studies have examined preoperative functional connectivity as a predictor of surgical outcome, [7] [8] [9] or for presurgical localization of the seizure focus, 3, 10, 11 the effect of surgery on the resting-state connectivity of brain networks in epilepsy has been infrequently studied [12] [13] [14] [15] (with a notable case study showing significant normalization of resting-state brain networks after corpus callosotomy in a pediatric patient with severe epileptic encephalopathy 14 ) . To assess whether a significant reduction in seizure burden affects the atypical functional connectivity of brains of patients with epilepsy, we studied the preoperative and postoperative brain connectivity of patients with temporal lobe epilepsy (TLE) who underwent epilepsy surgery with Engel class I outcome (i.e., seizure-free after surgery), 16 specifically focusing on cognitive functional networks validated in the healthy adult human population 17 and employing recently validated stringent methods of artifact removal for functional magnetic resonance imaging (fMRI) time series. 18 
Methods

Participants
Patients were recruited from the Washington University Adult Epilepsy Center at the Washington University School of Medicine and screened for inclusion based on a history of unilateral intractable TLE confirmed via video-electroencephalography (EEG) and epilepsy surgery with Engel class I outcome. 16 Typical ictal clinical signs included arrested activity, automatisms, and decreased awareness or responsiveness. 19 Only participants who underwent TLE surgery (either selective amygdalohippocampectomy or temporal lobectomy) were included in the study. Of 21 participants initially enrolled in the study, 17 had Engel class I outcome and were included in the final analysis (Table S1 ). A group of healthy participants (n = 17) individually matched to patients in terms of age (AE2 years), sex, and handedness were studied under identical imaging conditions. Healthy participants and preoperative TLE patients completed their first MRI scan between 2009 and 2013. In patients, a second brain MRI was acquired postoperatively under identical imaging conditions between 2012 and 2014. Criteria for exclusion included age <18 years, clinical or electrographic evidence of bitemporal or extratemporal seizures, developmental anomalies, cortical malformations or other focal lesions on structural MRI, contraindication to MRI, including suspected pregnancy, history of substance or alcohol abuse, and nonproficiency in the English language. All participants provided informed written consent as required by the Washington University Institutional Review Board.
Surgery and pathologic findings
Patients with medically intractable TLE were deemed to be candidates for surgery based on video-EEG and neuroradiologic findings. Surgery was performed in standard fashion; patients underwent either selective amygdalohippocampectomy (five left, four right), with the superior colliculus marking the approximate plane of the posterior resection, or a more extensive anterior temporal lobectomy (five left, three right). The extent of the medial resection was similar in both groups, although the right temporal group had a more extensive lateral resection. Pathologic findings reflected a typical cross-section of patients with temporal lobe seizures, with 14 patients showing evidence of mesial temporal sclerosis, three showing malformations of cortical development, and one showing a cavernous angioma (Table S1 ).
Image preprocessing and artifact removal
MRI scans were performed at the Center for Clinical Imaging and Research at Washington University in a 3-T Siemens Trio MRI Scanner (Erlangen, Germany). A highresolution (0.42 9 0.42 9 0.9 mm) T 1 -weighted magnetization-prepared rapid acquisition gradient echo (inversion time = 800 ms, echo time [TE] = 3.29 ms) structural scan was obtained in each subject for the purpose of anatomic segmentation, registration of functional images, and atlas transformation. Two blood oxygenation level-dependent (BOLD) resting state functional scans (echoplanar, repetition time = 2,200 ms, TE = 27 ms, flip angle = 90°, 4 9 4 9 4 mm voxels) were also acquired for each subject. Each functional run consisted of 164 whole-brain volumes (approximately 6 min in duration). Study participants were asked to relax while visually fixating on a crosshair centered on the screen. BOLD data were preprocessed using stringent artifact removal criteria according to recently published methods. 18 The steps included, in order: (1) slice time correction (to realign slices in time to the beginning of each volume's acquisition); (2) rigid-body realignment to correct for movement within and across functional runs; (3) within-run intensity normalization; (4) atlas transformation to Talairach 3 9 3 mm standard space 20 ; (5) censoring/scrubbing of time points with a framewise displacement > 0.2 mm; (6) de-meaning and detrending across each functional run; (7) regression of nuisance covariates and their first-time derivatives, including movement (translation in three dimensions and rotation in three dimensions), global signal, white matter signal, and ventricular signal across runs; (8) interpolation of censored/excluded time points with generated spectral data matching the retained time points; (9) bandpass filtering (0.009-0.08 Hz); and (10) • The abnormal connections between and within cognitive networks in TLE likely reflect a chronic, "burned in" effect of the disease (6-mm full width at half maximum). Time points that survived artifact removal were then used to compute connectivity measures for each participant.
Cognitive functional networks
The goal of the study was to assess whether epilepsy surgery and seizure freedom affect the connectivity of networks of regions that form connections based on involvement in specific cognitive functions, rather than purely on the basis of anatomical location. To that end, we used 264 regions of interest (ROIs) obtained from the Petersen and Schlaggar laboratories at Washington University and based on groups of brain regions that coactivate during performance of common types of cognitive tasks. 17 The ROIs were distributed across 14 functional networks, spanning broad cognitive domains and functions, including attention, memory, cognitive control, salience, default mode, and vision ( Fig. 1 ; see also Table S2 ). Functional connectivity between ROIs was computed as the Fisher z-transformed Pearson r along the temporal dimension. Functional connectivity within and between functional subnetworks was computed as the mean functional connectivity between ROIs within and between the respective subnetworks. Node-node connectivity changes were corrected for multiple comparison via false discovery rate.
Statistical analysis
For ROI pair analyses, statistical models were designed to test the effect of disease on the dependent variable of functional connectivity strength between ROIs in a given pair (i.e., the Fisher z-transformed correlation between the two ROI time series). Contributions from individual ROIs were averaged within each functional network. The first analysis of variance (ANOVA) focused on the effect of TLE on the functional connectivity of networks in patients compared to healthy controls; the model thus included fixed independent factors of group (healthy control vs. TLE preoperative) and functional network (coded as two separate factors to account for their interaction) and a random independent factor of participant. The second ANOVA focused on the effect of surgery and seizure freedom, replacing the group factor with a factor of preoperative/postoperative status, but was otherwise identical to the first ANOVA. Post hoc t-tests (unpaired for healthy vs. preoperative TLE, paired for preoperative vs. postoperative TLE), corrected for multiple comparisons via false discovery rate, were conducted for significant effects revealed by the ANOVAs.
Results
Controls were individually matched to patients with regard to age, sex (eight males in each group), and Regions of interest studied are shown projected onto the Human Connectome Project 440-subject group-average midthickness surface for each hemisphere. 39, 40 Functional subnetworks are color-coded and include sensory/somatomotor (cyan), visual (blue), auditory (pink), default mode (red), cingulo-opercular task control (purple), frontoparietal task control (yellow), salience (black), memory retrieval (brown), ventral attention (teal), dorsal attention (green), and uncertain classification (white). Light red shading shows the extent of the mask used to exclude nodes within or immediately near surgically resected areas across patients. Epilepsia ILAE handedness (two left-handers in each group). There was no significant difference in age between controls (mean age = 41.3 years, range = 21-58 years) and patients (mean age between preoperative and postoperative scans = 43.2 years, range = 22-63 years; Welch t-test: t = 0.44, d.f. = 29.9, p = 0.66). In patients, the mean number of months between the preoperative scan and surgery was 8.5 (standard deviation [SD] = 7.1, range = 0-27), and the mean number of months between surgery and the postoperative scan was 23.5 (SD = 12.5, = range 5-45).
Replicating prior studies, 1 functional connectivity within and between networks differed in specific ways between preoperative TLE patients and controls, as shown in Figs. 2 and 3. The strongest differences involved decreased withinnetwork connectivity in the default mode network, and decreased coupling (whether in the form of positive or negative connectivity) between specific networks, including between default mode and cingulo-opercular task control and salience networks, and between cingulo-opercular task control and salience networks and visual networks (Fig. 3 ). An ANOVA testing the effect of disease on the average connectivity between functional networks in controls and TLE patients showed a significant effect of disease (F = 6.9, d.f. = 1, p < .05), as well as highly significant effects of network (F = 52, d.f. = 11, p < 1 9 10 À15 ), interaction between networks (F = 70, d.f. = 55, p < 1 9 10 À11 ), and interaction between network and disease (F = 2.5, d.f. = 11, p < .005). The greatest amount of variance in the model (43%) was explained by the interaction between networks, suggesting that most of the variance was accounted for by the differences in functional connectivity between networks.
Importantly, functional connectivity was, however, largely unaffected by surgery and the resultant seizure freedom, as shown in Fig. 4 . To eliminate the direct effect of surgery targeting specific nodes in the subnetworks studied, the analysis comparing patients preoperatively to postoperatively was conducted involving only nodes that were not within or immediately adjacent to the resection region across all patients (or within its contralateral equivalent; see red-shaded region in Fig. 1 ). This approach effectively removed 29 nodes within the bilateral temporal lobes, with the same nodes removed for each participant's data in this analysis. Statistically, an ANOVA assessing effects on functional connectivity in TLE patients before and after surgery did not show a significant effect of operative status (preoperative vs. postoperative). There were, however, significant effects of network (F = 47, d.f. = 11, p < 1 9 10 À15 ) and interaction between networks (F = 62, d.f. = 55, p < 1 9 10 À15 ). Note the similarity between Seed-seed group functional connectivity matrices for healthy controls (A) and preoperative temporal lobe epilepsy (TLE) patients (B). Connectivity strength is displayed as Fisher-transformed Pearson r (with color scale arbitrarily bounded between À1 and +1). Axis labels denote approximate distribution of functional cognitive subnetworks. AUD, auditory; CEREB, cerebellar; COTC, cingulo-opercular task control; DATT, dorsal attention; DMN, default mode network; FPTC, frontoparietal task control; MRET, memory retrieval; S/SM, sensory/somatomotor; SAL, salience; SUBC, subcortical; VATT, ventral attention; VIS, visual. Epilepsia ILAE preoperative and postoperative TLE patient correlograms (Fig. 4) . No functional connectivity differences survived multiple-comparison correction when comparing patients preoperatively to postoperatively. Finally, adding terms of age, disease duration, seizure frequency, time interval between preoperative and postoperative scans, time interval between preoperative scan and surgery, or time interval between surgery and postoperative scan to the statistical models did not yield additional significant effects.
To emphasize the differences in functional connectivity across subnetworks, circular plots of the connectivity for controls, preoperative TLE, and postoperative TLE patients are shown in Fig. 5 . One of the most striking findings is the decreased connectivity between the default mode network and the dorsal attention network as a result of the disease. These networks exhibit a strong anticorrelation in controls but appear to be minimally connected in patients, both preand postoperatively. Some cross-network connections, conversely, were unaffected both across controls and patients and within patients in equal fashion: the connectivity between cingulo-opercular task control and salience networks, for instance, was strongly positive and minimally changed across the groups and across operative periods, suggesting that not all connectivity patterns were different between healthy controls and TLE patients. Focusing specifically on the default mode network, which has often been cited as being adversely affected by TLE, 2 the preoperative connectivity of specific brain networks with the default mode network in patients with TLE differed significantly from healthy controls; however, achieving seizure freedom after temporal lobe surgery did not significantly change or normalize these altered connections (Fig. 6) .
Discussion
TLE exerts a significant effect on specific cognitive networks, including but not limited to the default mode network and other subnetworks in the temporal lobe (e.g., language, memory, and auditory networks). Our findings replicate those of prior studies in our preoperative patient cohort.
1 Surprisingly, however, epilepsy surgery, which targets significant portions of the medial (and at times lateral) temporal lobe, and the resulting seizure freedom, failed to significantly affect the abnormal connectivity of TLE patients postoperatively. If the connectivity of these networks is changed by the disease, why does it not revert when the disease is controlled? One possibility is that functional network abnormalities (assessed in our sample in a range of months to years after the surgery) at least partially reflect the inherent stability of functional networks in individuals across the lifespan. In other words, functional network connections in healthy individuals as detected by fMRI may Figure 3 . Seed-seed mean group connectivity difference (A) and t-value for seed-seed connections significantly different between preoperative temporal lobe epilepsy (TLE) patients and controls (unpaired t-test, p < 0.05, corrected for multiple comparisons; B). AUD, auditory; CEREB, cerebellar; COTC, cingulo-opercular task control; DATT, dorsal attention; DMN, default mode network; FPTC, frontoparietal task control; MRET, memory retrieval; S/SM, sensory/somatomotor; SAL, salience; SUBC, subcortical; VATT, ventral attention; VIS, visual. Epilepsia ILAE Epilepsia, 58(11):1842-1851, 2017 doi: 10.1111/epi.13867 reflect stable relationships between cognitive networks formed over many years. Abnormalities in these connections may in turn reflect a time-averaged or "burned in" effect on connectivity resulting from years of disease. Another possibility is that the intrinsic etiology of epileptic seizures may induce functional network changes during the process of epileptogenesis, with network changes primarily reflecting the initial insult that caused the seizures, rather than the effect of chronic, ongoing epilepsy. The possible causes of network changes in our cohort parallel those of mesial temporal sclerosis itself, which may be caused by the effects of chronic ongoing seizures, or by damage from an acute insult, such as encephalitis or febrile seizures. 21 Such an important distinction could only be reliably settled through prospective trials early in the course of TLE. 22 Regardless of the etiology of the abnormal connections, the achievement of seizure freedom, although life-altering to patients who reach it, appears to be insufficient to normalize (A-C) Seed-seed group functional connectivity matrices for healthy controls (A), preoperative temporal lobe epilepsy (TLE) patients (B), and postoperative TLE patients (C) in nonsurgical nodes. (D, E) Difference between connectivity matrices for TLE preoperative patients and controls (D) and between TLE postoperative patients and preoperative patients (E) in nonsurgical nodes. AUD, auditory; CEREB, cerebellar; COTC, cingulo-opercular task control; DATT, dorsal attention; DMN, default mode network; FPTC, frontoparietal task control; MRET, memory retrieval; S/SM, sensory/somatomotor; SAL, salience; SUBC, subcortical; VATT, ventral attention; VIS, visual. Epilepsia ILAE the abnormal connections, at least within the follow-up time of our study. It is possible that future studies examining changes over longer time periods after seizure freedom will detect a significant shift toward normalization of network connections.
14 Furthermore, although the time to postoperative scan in our study had a somewhat wide range, this factor did not significantly affect the statistical model when explicitly tested. Larger data sets in future studies may capture such an effect, which may be complex and nonlinear, for example, with short-term changes that are reversed in the longer term.
A second finding of this study was the observation that the typical effect of epilepsy on the connections between cognitive subnetworks was deleterious or disruptive. Whether the original connection was positive (coupled) or negative (anticoupled), TLE appeared to reduce the coupling in many, although not all, instances. In a few instances, connections were more strongly coupled (e.g., the visual network with the sensory/somatomotor network) or anticoupled (e.g., the visual network with the salience, cingulo-opercular task control, or subcortical networks) in TLE patients compared to controls. This result replicates Figure 5 . Circular network plots for node-node (A) and subnetwork-subnetwork (B) connections for nonsurgical nodes in healthy controls and preoperative and postoperative temporal lobe epilepsy patients. Line thickness indicates suprathreshold positive (red) and negative (blue) connectivity strength. Nodes are ordered in terms of cognitive subnetworks matching prior figures. AUD, auditory; CEREB, cerebellar; COTC, cingulo-opercular task control; DATT, dorsal attention; DMN, default mode network; FPTC, frontoparietal task control; MRET, memory retrieval; S/SM, sensory/somatomotor; SAL, salience; SUBC, subcortical; VATT, ventral attention; VIS, visual. Epilepsia ILAE Figure 6 . Connectivity within the default mode network (DMN) and between the DMN and other networks was significantly different between healthy controls and preoperative temporal lobe epilepsy (TLE) patients, but undergoing temporal lobe surgery and achieving seizure freedom had no significant effect on this difference. Asterisk denotes significant difference (p < 0.05) on Welch t-test after correction for multiple comparisons. COTC, cingulo-opercular task control; DATT, dorsal attention; FPTC, frontoparietal task control; SAL, salience; SUBC, subcortical; VIS, visual. Epilepsia ILAE and expands prior findings of generally diminished connectivity in patients with epilepsy, 23, 24 with the exception of relative increases in connectivity in areas with physiologic links to the pathophysiologic process. 3 Typically, prior studies have focused on regions defined by anatomic location, whereas our approach used ROIs derived from welldefined functional networks involved in the performance of a range of specific cognitive tasks. As a rule, TLE thus disrupts coupling between cognitive functional networks, intuitively explained by neuronal loss or dysfunction from the underlying pathophysiology of chronic epilepsy. However, neuronal loss or dysfunction seems a less probable cause of strengthened network coupling. Instead, increased coupling/anticoupling compared to controls may reflect abnormal functional connections that underlie the primary pathophysiologic process in focal epilepsy, such as an abnormally facilitated pathway of propagation for focal epileptic seizures. Multiple extratemporal brain regions have been implicated metabolically in typical patterns of propagation in temporal lobe seizures, including, for instance, the somatosensory region around the central sulcus, which shows hyperperfusion during the ictal period. [25] [26] [27] At the structural level, some of the same regions show cortical thinning in patients with TLE with a very similar extratemporal distribution. 28 Extending beyond TLE, Xiao and colleagues demonstrated abnormally increased functional connectivity between primary motor cortex and inferior frontal gyrus, parietal lobe, and supramarginal gyrus in patients with rolandic epilepsy, arguing that increased connectivity changes may capture the disease process in focal epilepsy in general. 29 A key caveat for this study is that tests of preoperative and postoperative cognitive function were not formally compared to the disease-related functional network reorganization and its lack of a change after epilepsy surgery. First, although neuropsychological batteries for epilepsy surgery planning share key features across institutions, there is a relative lack of standardization in terms of which tests are performed, even within an institution, in part motivated by a need to tailor testing to the individual patient being assessed. 30 Furthermore, neuropsychological testing done for the purpose of epilepsy presurgical planning often utilizes tests of cognitive function that are not well matched to the type of tests used to delineate cognitive functional networks in the neuroimaging literature, 31 that is, routine clinical neuropsychological tests would not necessarily track the functional networks explored in this study. Therefore, as a rule, future studies pairing cognitive tests well matched to the functional networks explored may be able to capture more nuanced changes resulting from epilepsy surgery, and specifically tie a neuroimaging correlate to a cognitive change.
More specifically, it is also possible that the range of cognitive function spanned by the functional networks studied here does not perfectly overlap and capture the cognitive changes that typically occur after epilepsy surgery. In TLE in particular, epilepsy surgery has a tendency to adversely affect memory, and to a lesser degree language, depending on the anatomic structures targeted. There exists, however, considerable variability even within the postoperative outcomes of neuropsychological measures alone, with the well-known finding of some patients experiencing paradoxical improvement in cognitive function. 32 In this study, the goal was to assess the resilience in the connectivity of nodes not directly resected by surgery. Therefore, we excluded nodes in the temporal lobe directly resected in surgery, with an exclusion region that was purposefully bilateral to avoid confounding effects (Fig. 1) , resulting in several temporal nodes being excluded from the analysis. Memory in particular has notoriously been challenging to assess with fMRI, including in the case of epilepsy, 33, 34 due in part to technical limitations of low signal-to-noise ratio in temporal regions near areas of air/parenchyma or bone/parenchyma interfaces. Therefore, not only is there heterogeneity within postoperative neuropsychological outcome, but fMRI may capture changes in brain regions that are (1) not typically resected by surgery or (2) not formally tested via routine neuropsychological batteries.
A related limitation lies in the strategy of combining patients with left and right TLE, which may reduce power to detect changes unique to those specific subsets of patients. This would be particularly important for the connectivity of brain regions with nodes found within the resected area and the contralateral region, because both were explicitly eliminated in the pre/post comparison to avoid left/right mismatch. However, because the main goal of this part of the study was to assess cognitive networks and nodes not directly targeted by surgery, the set of nodes we retained for the preoperative/postoperative comparison was largely outside of the temporal area typically resected in TLE surgery (i.e., only 29 nodes were removed from the original set of 264). Furthermore, the strategy that other groups, including our own, have used in the past of collapsing across left and right TLE into ipsilateral and contralateral hemisphere would not be possible in this type of analysis, as several of the nodes tested do not have a clear homologous counterpart in the contralateral hemisphere. In general, future studies with sufficient numbers of patients with left and right TLE would be able to address this issue directly by including TLE lateralization explicitly as a separate factor.
Despite these limitations, however, our study showed large and significant differences in primarily extratemporal functional networks of TLE patients compared to healthy controls, and these differences were essentially unaffected by surgery. It is thus possible, if not probable, that these disease-related network abnormalities capture a form of cognitive dysfunction that is a manifestation of the chronic effect of the disease. Functional connectivity, although more limited in the assessment of certain brain regions due to technical limitations, may be able to assess neural correlates of cognitive function that are only partially assessed by routine neuropsychological tests. Future studies directly querying cognitive tasks matched to the functional networks studied here may be better poised to detect a relationship between specific cognitive measures and specific network changes. However, based on our findings here, we predict that the main effect or central tendency is likely to be essentially unchanged between the preoperative and the postoperative state.
Another consideration is that both individual variability and disease-related variability in the spatial distribution of specific functional networks may lead to significant differences between epilepsy patients and healthy controls, which would be of crucial importance when directly comparing brain regions based on a standardized location. In other words, a plausible explanation for the significant differences in connectivity noted between the healthy and diseased state may be due to a disease-related reorganization of brain networks, or even merely because of individual variation, especially but not exclusively in terms of spatial extent. 35 This is particularly relevant with regard to our conclusion that the changes in connectivity are "burned in" after years of disease, given that reorganization of functional networks is likely to occur over longer time periods. In our study, because the nodes queried were selected a priori based on well-established cognitive functional networks, the disease-specific effects mentioned above would only be captured to the extent that the nodes reflect the typical connectivity patterns of functional networks in the healthy state. Canonical locations for typical cognitive network distribution may be altered by disease, leading to differences with the healthy state that are not mere changes in connectivity strength but rather reflect a redistribution of regions involved in specific cognitive tasks. This has been observed across neurologic disease, such as with the abnormal connectivity and distribution of dorsal attention and somatosensory networks in stroke patients 36 or the reorganized sensorimotor network exhibited by amputees. 37 Studies based on ROIs in predefined locations are thus invariably subject to the criticism that the predefined location may not reflect an individual's or disease-related reorganization of cortical function. To the extent that an analysis that utilizes a priori fixed ROI locations fails to capture such a reorganization, it would be comparably unable to capture a normalization (or move toward normalization) of connectivity after surgery. A potential solution would thus lie in the ability to detect and define distinct functional networks at the level of the individual, which is a nontrivial but potentially feasible endeavor, especially with very recent techniques using rich multimodal data sets. 38 Future studies that can reliably delineate functional network extent at the individual level may therefore be able to capture evidence of postoperative normalization of connectivity that a study using a priori ROIs would not detect.
To conclude, the key finding of our study was the stability of the effect of TLE on cognitive network connectivity before and after patients undergo epilepsy surgery and achieve seizure freedom. This result not only suggests that the connectivity changes observed here and in the recent literature in epilepsy reflect the lifetime of the disease's disruptive effects on functional networks, but also serves as a validation of the stability of the technique in terms of capturing physiologically meaningful changes over time. Furthermore, the life-altering event of achieving seizure freedom does not result in normalization of abnormal functional connections, at least in the approximately 2-year period following surgery. Future longitudinal studies targeting the effects of epilepsy earlier in the history of the disease may shed further light on the pathophysiologic process as it first exerts its disruptive effect on the brain's connectivity.
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